Abstract: Al2O3 surface-layers were deposited on Al substrates by thermal evaporation technique. Samples were treated for different (1 h, 2 h, 3 h, 4 h and 5 h) treatment time in open air environment by keeping the temperature (550 o C) of the evaporator plate constant. XRD patterns revealed the emergence of Al2O3 H2O (111), Al (OH)3 (214) and Al2O3 (20 6) planes. Crystallinity of the above mentioned phases was attributed with treatment time. However, minimum treatment time to break oxygen hydrogen bonds and the formation of Al2O3 plane was 5 h. Crystallite size and compressive stress found in Al2O3 (2 0 6) plane were 14.31 nm 0.53 GPa respectively. SEM microstructure features revealed the formation of rounded grains, irregular patches and rods. AFM analysis exhibited the formation of dome shapes microstructures. The grain size and surface roughness were increased from 1 μm to 2.5 μm and from 35 nm to 115 nm respectively. This variation in surface roughness and grain sizes was associated with treatment time.
INTRODUCTION
Materials in the form of surface layers have attention because of their remarkable surface properties which may differ significantly from their bulk characteristic making them more attractive for their industrial applications. Additionally, properties of surface layers could be changed by changing the deposition parameters. Recently, there has been growing interest to deposit surface layers of ceramic materials using different deposition techniques like chemical vapor deposition, physical vapor deposition, RF magnetron sputtering, DC glow discharges, plasma focus device and pulse laser deposition [1] [2] [3] [4] [5] [6] [7] . Among the promising ceramic materials, much more attention has been paid to form Al 2 O 3 surface layers by virtue of their potential industrial applications such as defensive layers for metal reflectors in electronic and optical industries, temperature stabilization of satellites, dark mirrors and in semiconductors devices [8] [9] [10] [11] . Moreover, growth of -Al 2 O 3 layer on Al substrate is of immense technological significance particularly for the electronic components by virtue of their outstanding dielectric properties [12] . Therefore, it was vital to deposit Al 2 O 3 layers of desire surface properties using comparatively inexpensive techniques.
In this study, Al 2 O 3 surface layers were deposited by simple and cost effective thermal evaporation technique in open air environment as function of treatment time. Throughout the experiment, the *Address correspondence to this author at the Department of Physics, GC University, 38000, Faisalabad, Pakistan; E-mail: ejaz_phd@yahoo.com temperature (550 o C) of the evaporated plate was constant. The deposited Al 2 O 3 surface layers were characterized by x-rays diffraction (XRD), scanning electron microscopy (SEM) and atomic force microscopic (AFM) techniques in order to explored the surface properties like crystal structure, crystallite size, residual stresses, microstructure features, particle size and surface roughness of the deposited Al 2 O 3 layers. phase in the XRD results indicated that the deposited layer was free from hydrogen. Moreover, according to kinetic theory, the kinetic energy of the air species (like hydrogen and oxygen) increased with increasing treatment time since the species closed to the evaporator plate absorbed heat resulted in the increase of their kinetic energy and it was found (XRD results) that 5 h treatment time was the minimum time at which hydrogen oxygen bonds was broken since only Al 2 O 3 phase was present in the XRD results. Thus it was clear that the deposited layer was free from hydrogen. It was due to the fact that after bond breaking, hydrogen species left the active region due to smaller weight while oxygen species easily reacted with Al which could be due to high electronegativity differences results in the formation of Al 2 O 3 layer. Figure 1 XRD results demonstrated the formation of solid solution of Al and Al 2 O 3 phases which could enhance the life time of the material. The more broadened diffraction peaks confirmed the formation of nanocrystallite since broadening was inversely proportional to crystallite size. However, broadening was associated with vacancies, point defects, lattice distortions and micro-strain developed during deposition process. Moreover, the concentrations of oxygen species associated with these parameters were directly coupled with the microhardness which increased the life time of the material. As the XRD patterns indicated the development of only Al and Al 2 O 3 phases which confirmed the formation of pure Al 2 O 3 layer. But still we could not say that the deposited layer was pure in nature because other environmental species may incorporated as impurities in amorphous phase since the present work was done in open air environment.
EXPERIMENTAL DETAILS

RESULTS AND DISCUSSION
XRD Analysis
XRD data was employed to estimate the crystallite size of Al 2 O 3 (206) plane observed for 5 h treatment time by using Scherer's formula [15] .
where K was constant, was the wavelength of incident radiation, FWHM was the full width at half maxima and was the Bragg's angle. The estimated crystallite size of Al 2 O 3 (206) plane was found to be 14.31 nm which confirmed the formation of nanocrystallite of aluminium oxide.
XRD data was also employed to estimate the residual stresses developed in Al 2 O 3 layer. The up and down shifting of diffraction peaks from their stress free values indicated the existence of residual stresses. The peak shifting from their stress free values was due to diffusion of oxides interstitially which distorted the lattice, creating point defects and vacancies. The peak shifting could also be due to the removal of hydrogen creating vacancies resulted in the development of defects. It is well known that more diffusion could take place at high temperature which may shift the diffraction peaks from their corresponding stress free values.
(observed for 5 h treatment time) was estimated by using the formula [16] .
The estimated strain (- Figure 2A . Some regions were featureless while the remaining regions showed colonies of rounded grains. Different grains of various dimensions and featureless surface appearance confirmed the formation of rough surface which was agreed well with the AFM results (discus later). Thus, grains of different dimensions, colonies, featureless microstructure appearance and total area covered by the colonies containing grains of various dimensions made the surface rough. For 2 h treatment time, again the formation of rounded grains and irregular patch of particles was observed ( Figure 2B) . It was found that the size of rounded grains ranged from 1.3 μm to 2.5 μm while it ranged from 1.66 μm to 6.66 μm for irregular patches. The irregular patches which were bigger in size could be of Al (OH) 3 compound due to maximum peak intensity. The appearance of dark regions in the back ground of the particles also made the rough surface. For 3 h treatment time, the surface appearance was entirely changed, only irregular patches instead of rounded grains were observed. However, they were closely packed and separated through their grain boundaries ( Figure 2C) . For 4 h treatment time, again an abrupt change in the microstructure appearance was observed. However, collection of rounded grains at one corner of the scanned micrographs was observed while the major portion of the scanned micrograph showed the formation of elongated horizontal rods ( Figure 2D ). For 5 h treatment time, the surface morphology exhibited the formation of irregular patches distributing uniformly and covered the entire scanned portion. The uniform distribution of irregular patches covering the entire scanned area confirmed the compact nature of the layer. From the above discussion it was concluded that the formation of microstructure features like grain size, shape, their distribution and compactness were associated with the treatment time. Additionally, granular surface morphology was transformed into surfaces of irregular patches isolated by boundaries. It was well known that microhardness was attributed with the dimensions of particle sizes, smaller the particles more will be the microhardness [13] . In our case, the Al 2 O 3 layer comprised of nano-particles confirmed the formation of hard layer which improved the strength, ductility and wear and corrosion resistance of the material. Additionally, during diffusion, lattice distortion and creation of vacancies and defects were responsible to increase the hardness of the deposited layer. However, these air species increased their kinetic energy with increasing treatment time. Thus up to 4 h treatment time, the kinetic energy of air species could not break the oxygen hydrogen bonds but collectively reacted with Al on target surface resulted in the formation of Al (OH) 3 and Al 2 O 3 -H 2 O phases (XRD results). While for 5 h treatment time, the kinetic energy of air species was sufficient to break the oxygen hydrogen bonds, hydrogen species due to lighter weight removed from the active region whereas oxygen species reacted with Al due to sufficient energy resulted in the formation of Al 2 O 3 layer which was free from hydrogen contents. That is why the breaking of hydrogen oxygen bonds and mobility of oxygen and hydrogen species were associated with increasing treatment time.
SEM Analysis
AFM Analysis
AFM analysis exhibited the surface morphology and roughness of aluminium oxide-hydrates and Al 2 O 3 layers deposited for different (1 h, 2 h, 3 h, 4 h and 5 h) treatment time. AFM images revealed the formation of dome shape surface features. The different width and height of domes made the surface rough which was agreed well with the SEM results.
However, the dimensions (width and height) of domes depend on the treatment time whereas temperature and energy of the reactive species increased with increasing treatment time. Actually, the temperature and energy of the reactive species play a vital role to change the domes appearance and surface roughness. Figure 3E exhibited the formation of domes of larger dimension which made rougher surface comparatively. Figure 4 showed the root mean square (rms) roughness of Al 2 O 3 layers deposited for different treatment time. Moreover, the roughness of the deposited layers increased (from 48 nm to 112 nm) with increasing treatment time. Thus the increase in surface roughness was attributed with increasing temperature which was associated with increasing treatment time. The increasing temperature actually increased the ad-atoms mobility which increased the growth rate of the deposited layers. This increase in ad-atom mobility changed the surface features which were responsible to change the surface layer properties. For careful investigation, the graph line was divided into three domains; (i) first domain (line joins the first two points) (ii) second domain (line joins the second and third point) and (iii) third domain (line joins the last three points). Sharp increase in rms values during first domain indicated the formation of porous layer which enhanced the diffusion of evaporated atoms results in rougher surface. Small increase in the rms values during second domain exhibited that the deposited layer was comparatively compact results in the decrease of surface roughness. During third domain, again a sharp increase in the surface roughness value was observed thereby indicated that again the layer became porous which was due to the interchange growth of different planes since the peak intensities varied with increasing treatment time. Moreover, for 3 h treatment time, a slightly decrease in surface roughness with increasing treatment time was observed. In order to understand this small decrease in surface roughness, more experiments were needed to explore the reason. 3 (214) and Al 2 O 3 (20 6) phases. It was found that crystallinity of different planes varied with increasing treatment time. Five h treatment time was the minimum time at which oxygen and hydrogen species were more energetic having sufficient energy to break oxygen hydrogen bonds because the deposited layer was free from hydrogen species and only Al and O were present. Crystallite size and compressive stress observed in Al 2 O 3 (2 0 6) plane were found to be 14.31 nm and 0.53 GPa respectively. SEM microstructure features demonstrated the formation of rounded grains (1 μm to 2.5 μm), irregular patches and rods. AFM images exhibited the formation of dome shape microstructures and their growth was associated with increasing treatment time. The grains of different dimensions (varied from 35 nm to 115 nm), formation of irregular patches and distribution of particles made the surface rough. Moreover, the changed in microstructure features like crystallinity, crystallite size, their distribution and the formation of irregular patches were correlated with the energy absorbed by the target material and the kinetic energy of the environmental species. Particularly, the kinetic energy of hydrogen and oxygen species was associated with increasing treatment time.
CONCLUSIONS
